The use of porous materials, e.g. sintered metals, ceramics and refractories, has found its applications in many thermal problems. In which situations, the prediction of attained thermal stresses in porous media has to be carefully and accurately computed for proper and safe operation.
INTRODUCTION
Cylinders with porous (permeable) walls have been previously studied [11 from the point of view of induced stresses due to both internal and external pressures. The presented results confirmed that higher stress values could develop in porous cylinders compared to solid ones. Also, coating of a porous cylinder with impermeable coating or shrink fitting it in a solid cylinder would help higher stresses to exist in the porous matrix. Recently, the author has proposed an analytical solution to study the combined effect of both fluid pressure and temperature on the induced stresses in solid thick walled cylinders [2] . In this study, an optimum elastic and thermal properties of cylinder material has been attained as a function of the operating temperature and pressure with no dependence on the cylinder geometrical configurations.
The effect of temperature on the behaviour of thick cylinders is two folds: deterioration in mechanical properties coupled with induced thermal stresses. The material composition of the cylinder may display weaker strength under high temperature situations 0]. However, for some porous nonmetallic materials e.g. ceramics, available data [4] showed a uniform strength up to temperature range of 1200°C beyond which a sharp decline in strength with temperature is fully recognised; a situation which was explained in terms of plastic deformation which may take place at very high temperatures. Un the other hand, the temperature difference across a cylinder wall would impose a thermal stress pattern dependent on the thermal, physical and mechanical properties together with geometrical parameters [5] ; a situation which may affect the design stresses under normal loading conditions. Although porous materials can be found in various engineering applications imposed to heat flow, e.g.jet nozzles, filters, piping, furnaces, combustion chambers, boilers with internally coated with porous heat transfer surfaces, and other aerospace mechanical and chemical applications, little has been published to consider the case of porous cylinders subjected to both pressure difference and internal heat flow. Hence, it has been herein decided to investigate in full this case with due consideration to optimum material selection
ANALYSIS AND OPTIMIZATION
For porous permeable cylinders subjected to internal and external pressures, the normalized tangential stress is given in the form [1] :
Assuming a steady heat flow and isothermal condition through the porous cylinder wall, the temperature gradient can be described as such,
Adopting this equation and applying it to the stress equations resulting from heat flow across thick cylinders 15!, the normalized tangential thermal stress can be presented by:
The combined effect of both the pressure and temperature on the tangential stress would result by superimposing equation 1 onto equation 3 to give the total tangential stress distribu-
From equations 1, 3 and 4 the resultant tangential stress distribution can readily be computed.
An optimization can, thus, be achieved with the objective of minimizing the resultant maximum tangential stress values and in the mean time controlling the stress distribution to give the best uniform shape. This objective has been herein performed by directly equating the resultant stress ak at inner and outer cylinder surfaces. which procedure renders an optimization criterion in the form: In the more common case in which the cylinder is subjected to internal fluid pressure at raised temperatures whereas the external surfaces are subjected to atmospheric conditions, the optimization criterion, equation 5, reduces to:
where Ti stands for temperature difference between cylinder inner temperature and atmospheric temperature, This simple, but powerful, optimization criterion gives a direct correlation between operating conditiors and porous material properties with no dependence on geometric features of the cylinder.
RESULTS AND DISCUSSION
Results attained to describe the combined effect of internal pressure and heat on the tangential stress distribution in a porous cylinder are displayed in .e'igure 1. The superposition of thermal stresses on the induced tangential stress due to internal pressure has shown to produce a more likely uniform stress distribution across the cylinder wall if the proposed optimimum criterion is adopted. This uniformity in the stress distribution, as shown in Fagure 1, permits a maximum utilization of the material. Any departure from the proposed optimum condition would lead to a higher developed stresses either at the inner cylinder or the outer cylinder surfaces. This ensures that the novel optimum objective herein assumedinwhich the combined total stress values at cylinder inner and outer surfaces have to be identical, renders the minimum and almost uniform tangential stress distribution. in practice, however, the optimum design criterion can be put into effect by controlling the temperature difference across the cylinder wall to justify a temperature to pressure ratio analogous to that governing the optimum criterion, equation 5.
However, another possibility is to optimize the selection of porous material properties sothat the elastic and thermal properties satisfy the design criterion. 
